Importance: To compare the safety and outcomes of femtosecond laser-assisted cataract surgery (FLACS) and conventional phacoemulsification in post-vitrectomy eyes.
Methods:
The last 25 surgeries performed prior to acquisition of the femtosecond laser and the first 25 surgeries performed following acquisition of the femtosecond laser were included. Patient demographic data, preoperative and postoperative visual acuities were collected. Intraoperative and postoperative complications were compared. Follow-up ranged from 1 to 74 months.
Main Outcome Measures:
The main outcome measures are postoperative visual outcomes and intra-and postoperative complications for both groups.
Results: Results of FLACS compared to conventional phacoemulsification are as follows: preoperative logMAR best corrected visual acuity (BCVA) (0.63 vs. 0.69), postoperative logMAR BCVA (0.17 vs. 0.19), posterior capsule complications (0% vs. 12%, P = 0.235), cystoid macular oedema (CMO) (12% vs. 20%, P = 0.705) and postoperative neodymium-doped yttrium aluminium garnet (Nd: YAG) capsulotomy (16% vs. 48%, P = 0.032).
Conclusions and Relevance: FLACS demonstrates comparable visual outcomes to conventional phacoemulsification. Whilst outcomes measured were not statistically significant, except postoperative YAG capsulotomy, FLACS showed a trend towards a better intraoperative and postoperative safety profile. Femtosecond laser offers a theoretical advantage in reducing complication rates in post-vitrectomy eyes, further larger studies are needed.
INTRODUCTION
Cataract development is the most commonly recognized sequelae of vitreoretinal surgery with reported incidence after pars plana vitrectomy varying between 12.5% and 80%. 1, 2 The exact aetiology behind this phenomena is not known, with several different theories being postulated. 1, 2 Changes in lens opacity were reported 6 months after pars plana vitrectomy, with most postoperative eyes exhibiting increased opacification 24 months postoperatively. 1 Vitrectomized eyes undergoing cataract surgery have a higher risk of intraoperative and postoperative complications; however, standard management strategies for phakic eyes undergoing vitrectomy have yet to be established.
The femtosecond laser was first introduced to ophthalmic care in 2008. 3 It has had an ever increasing role in cataract and refractive surgery by providing automation of formation of corneal incisions and flaps, continuous curvilinear capsulotomy and lens fragmentation, resulting in overall decreased phacoemulsification time and energy. [3] [4] [5] Potentially, this might prove advantageous for post-vitrectomy eyes, which are associated with higher reported complication rates due to fluctuating anterior chamber depth, weakened zonules, loss of vitreous support and an excessively mobile posterior capsule. 6 The advantages of femtosecond laser-assisted cataract surgery (FLACS) might also be applicable to vitrectomized eyes developing sight-threatening cataracts but there appears to be a paucity of evidence to support this in existing literature. In this study, we retrospectively reviewed two consecutive groups of patients undergoing cataract surgery following vitrectomy with and prior to the installation of a femtosecond laser.
METHODS
This study was conducted at a private clinic in Auckland, New Zealand, by a single surgeon over a period of 5 years. Patients presenting for cataract surgery following vitrectomy were identified from a surgical logbook, whereas demographic data, ocular findings and outcomes were extracted from the patients' notes. This is a retrospective study, without masking or randomization, as FLACS is only available in private clinics in New Zealand.
Prior to the acquisition of a femtosecond laser, all patients presenting with cataract following vitrectomy underwent standard phacoemulsification with a sub-tenons regional block. All surgeries were performed using a clear corneal approach, and a posterior chamber lens was inserted in all eyes. Corneal sutures were used if the wound was thought not to be watertight at the end of the surgery. All patients in this study had the same model of intraocular lens implanted.
Following accreditation by the institution's clinical management committee, all patients presenting for cataract surgery following vitrectomy surgery were offered laser-assisted cataract surgery using the LensAR platform (version 10), (LENSAR Inc., Orlando, Florida, USA). Again, all patients had surgery with regional anaesthesia. The femtosecond laser was used to create the capsulotomy and fragment the lens into eight radial cuts. Corneal incisions were created manually and all other steps following lens fragmentation were the same as the former group.
There were 25 consecutive patients in each group. Patients were selected according to a strict chronological order. Thus, the last 25 surgeries performed prior to the acquisition of the laser, and the first 25 eyes following accreditation of the femtosecond laser were included in the study. There was no change in surgical technique or surgical equipment used, with the exception of the utilization of the femtosecond laser, for the duration of the study. All conventional phacoemulsification and laser-assisted cataract surgery patients followed the same postoperative care regime of four times a day gutt; prednisolone acetate 1% for 4 weeks and four times a day gutt and chloramphenicol for 1 week.
Statistical analysis
An analysis of covariance model adjusted for preoperative visual acuity was used to test for a difference in visual outcomes between groups. Categorical variables relating to intraoperative or postoperative complications were analysed using Fisher's exact test and where appropriate, the odds ratio is estimated along with its 95% confidence interval. All analyses were performed using R version 3.1.0., (R Foundation for Statistical Computing, Vienna, Austria). Table 1 shows the demographic data for the group undergoing conventional cataract surgery following vitrectomy. For the purpose of this study, this group will be referred to as Group A. The mean age was 66.32 AE 7.70 (SD) years and approximately twothird of this cohort were females. Table 2 shows the demographic data for the group undergoing laserassisted cataract surgery, referred to as Group B. They had a mean age of 61.04 AE 9.23 (SD) years and nearly half of this cohort were females. The indications for vitrectomy surgery for both groups are shown in the tables as is the duration between cataract surgery and vitrectomy. Aside from the indications for vitrectomy listed in the tables, there were no other vitreoretinal or macular pathologies. No patients were noted to have Marfan's syndrome or pseudoexfoliation syndrome, or any other ocular condition that may complicate cataract surgery.
RESULTS

Visual outcome
In terms of visual outcome, both groups experienced an improvement postoperatively. The mean preoperative logMAR was similar in both groups (0.69 AE 0.36 [SD] for Group A and 0.63 AE 0.30 [SD] for Group B). Over 80% of eyes reached log-MAR 0.5 following surgery. All the eyes in Group B demonstrated an improvement in acuity following cataract surgery with the exception of Patient 9, who had chronic changes relating to previous macular hole surgery; she retained her preoperative acuity.
In Group A, the improvement was also evident, the sole exception being Patient 24, who had a dropped nucleus following posterior capsular breach during cataract surgery. The lens fragment was retrieved during the same theatre session; however, the patient subsequently developed macular atropy. Figure 1 shows an analysis of covariance model adjusted for preoperative visual acuity was used to test for a difference in visual acuity between Groups A and B. After adjusting for preoperative visual acuity, there was no statistically significant difference in mean logMAR scores between the groups (P = 0.814). Figure 2 shows a box and whisker plot demonstrating no statistically significant difference in postoperative visual acuity between the two groups.
Subset analysis showed eyes that underwent cataract surgery with either technique having had vitreoretinal surgery for repair of a macular hole, epiretinal membrane or retinal detachment did not have a statistical significant functional outcome. (i.e. logMAR score). Similarly, there was no prognostic indicator attached to the axial length or interval between vitrectomy and timing of cataract surgery for those three subsets.
Intraoperative complications
In Group A, the intraoperative complication rate was 12% and included two cases of dropped crystalline lens and one posterior capsule rupture. There were no cases of intraoperative complications in Group B. Whilst this finding is not statistically significant in this study, larger studies may find this to be a clinically relevant difference. All anterior capsulorrhexis were completed without any anterior capsular tears or tags noted. There is no evidence of an association between a patient's group and any of these intraoperative complications (P = 0.235). Patient 23 from Group A with the isolated posterior capsule tear was noted in the perioperative period to have a subluxed intraocular lens that was subsequently re-dialled without further complication. This is the only patient who needed to return to theatre following cataract surgery following an intraoperative complication.
Postoperative complications
The observed postoperative complications in Group A include one retinal detachment and one raised intraocular pressure. There were no complications observed in Group B. Patient 18 in Group A presented 1 month after uncomplicated cataract surgery with a macular-off detachment. The functional outcome for this patient was further compromised by the presence of age-related macular degeneration.
Cystoid macular oedema
Five cases of cystoid macular oedema were observed in Group A. Three of these cases of CMO resolved with topical treatment only, one case resolved after administration of a sub-tenon steroid depot and one case resolved after administration of orbital floor steroid depot. The postoperative complications in Group B include three cases of cystoid macular oedema. All these cases resolved with topical treatment alone. Cystoid macular oedema was almost twice as common in Group A, with a rate of 20% compared with 12% in Group B (P = 0.705).
There is however evidence of an association between a patient's group and the occurrence of Nd: YAG capsulotomy, as demonstrated in Table 3 (P = 0.032). Group A had a 48% rate of requiring postoperative YAG capsulotomy compared with 16% in Group B. Thickening of the posterior capsule was also more often seen in Group A and although this is a statistically significant finding, it is most likely to be the effect of a longer follow-up period as the mean follow-up period in Group A was 34.3 months and Group B was 4.5 months. The subsequent odds ratio is estimated to be 0.213 (95% CI: 0.041, 0.897).
DISCUSSION
FLACS has become a well-established technique with comparable visual outcomes and safety profiles to conventional phacoemulsification. 7 Some studies have noted concerns regarding anterior capsular tears, particularly associated with the learning curve associated with FLACS but this complication was not observed in this study. [7] [8] [9] With advancements in laser technology, the rate of anterior capsular tears is very low, even in the learning period. In the hands of an experienced cataract surgeon rates of anterior capsular tears of 0.2-0.31% and lower have been reported. 10, 11 This study involves a single surgeon, experienced in cataract and vitreoretinal surgery, well aware of how the femtosecond laser works and its potential pitfalls. These are all factors that have been shown to flatten the learning curve. 12, 13 The development of FLACS is purported to have certain advantages over conventional lens surgery with respect to lens centration and stability, lower mechanical energy requirements and decreased phacoemulsification time.
3,14-16 These factors may also facilitate intraocular surgery, such as the removal of macular membranes. 17 These advantages offer clear theoretical benefits over conventional phacoemulsification in a postvitrectomy setting. While there is a growing evidence base supporting the safety of FLACS in standard cataract surgery, there is a paucity of evidence investigating its advantages in a post-vitrectomy eye.
This study utilized a lens fragmentation pattern of eight radial cuts, with a depth that was pre-set to 80% of the depth of the lens. The software is able to measure anterior chamber depth and posterior capsule position and therefore enables an 80% depth fragmentation with every case. There appeared to be no difficulty in the laser penetrating thicker lenses to achieve this, nor was there any difficulty in setting the posterior fragmentation limit in these postvitrectomy eyes. This capacity of the femtosecond laser is postulated to reduce rates of breaching the posterior capsule due to human error in estimating lens depth while performing phacoemulsification. Anecdotally, the single surgeon involved in this study did not experience any differences in capsule behaviour or any posterior capsular breaches in this series of patients and the post-vitrectomy state of the eyes did not present any difficulties with regard to utilizing the femtosecond laser or setting of the posterior fragmentation limit.
This study mirrored previously reported findings with regard to the safety and visual outcomes achieved when comparing FLACS to conventional phacoemulsification. 3, [7] [8] [9] [10] 14, 18, 19 Although the numbers included in this study are small, this is the first to demonstrate this finding in a post-vitrectomy setting. The difference in posterior capsular opacification rate reported in this study is likely secondary to a difference in the length of follow-up between the two groups, with the conventional Figure 2 . Box-and-whisker plot comparing postoperative log-MAR scores between both groups. Nd:YAG, neodymium-doped yttrium aluminium garnet.
phacoemulsification group being followed up a longer period of time. This study reports lower rates of posterior capsular opacification than others. 20 It is likely that if the FLACS group had been followed up for a longer time period they would also exhibit higher rates of posterior capsular opacification, similar to findings from other studies. 6 FLACS conveys a theoretical advantage over conventional phacoemulsification. This study showed that the two methods demonstrated similar visual outcomes and comparable safety outcomes, while lacking statistical significance in this small study, there is a trend towards FLACS having lower intraoperative and postoperative rates. With the current cost of FLACS proving less cost-effective than conventional phacoemulsification, further larger studies are needed to fully evaluate the safety profile and any potential benefit that FLACS may have in vitrectomized eyes. 21 
